We would like to thank the referees for their detailed and constructive comments, which helped us to improve our manuscript. While the referee comments are given in black bold, our answers are given below in blue letters. Additionally, we added the changes we made in the revised manuscript in blue bold letters.
[…] The observation periods covered evolutions of cyclonic disturbances which favored the transport of air pollution into the High-Arctic, as otherwise the air mass boundary largely impedes entrainment of pollution from lower latitudes. […] P3, L5 "spread of more than one order of magnitude" in what? rBC concentrations, deposition, or emissions? Please clarify what you are referring to here.
The statement was clarified, now it reads:
[…] the balance of these effects in the Arctic can only be estimated in models as accurately as vertical distributions of BC is known. However, profiles of BC concentration show a spread of more than one order of magnitude amongst different state-of-the-art models as well as between models and observations (AMAP, 2015) . […] P5, Table 1 : Please add a note to the table explaining that the "station" is the location the plane left from.
Added.
P10, Figures 2 and 3: The black triangles are very hard to see against the blue and green colors. Consider making the triangles white instead?
Changed P11, Figure 4 : The two blue shades for Alert and Eureka are very hard to tell apart. Can you make them easier to distinguish?
The colors were chosen to clearly distinguish the spring and summer measurements. In order to improve the readability of the lines, the color of the Alert profiles was changed to green. P12, L1-2: I'm not sure the ARCTAS and NETCARE observations discussed in this paragraph are enough to conclude that "wet removal becomes more efficient during summer within the polar dome, but as well already during northward transport outside the dome." Do you have other evidence supporting that the changes seen in both campaigns are due to more efficient wet removal?
Our interpretation of wet removal was found weak or inconsistent by other reviewers. In order to improve the interpretation of our observations, the frequency of liquid and ice cloud encounter by the air parcels during transport was calculated for each flight and discussed in Section 3.4. Even with this additional tool, it was difficult to properly estimate the effective impact of wet removal on BC concentration and its properties. Thus, the interpretation of wet scavenging based on the BC/CO ratio was substantially reduced. The mentioned statement was removed. The previous statement about the balance of rBC supply and removal is stressed by:
[…] This might be due to the fact that their observations were from a Sub-Arctic region (northern Alaska), where pollution supply and removal are not necessarily in the same balance as within the polar dome. The balance between supply and removal of rBC appears to have a pronounced seasonality, based on the ARCTAS and NETCARE observations. […] P12, L7-9: Are you saying that mixed Asian outflow is a source of the Arctic haze you observed in this campaign, or is it just an example to show that the haze concentration is usually lower than near the source?
The statement was meant to compare the mass concentration of BC found in the Arctic with other locations, inside and outside the Arctic. However, the comparison with Asian outflow conditions was removed because of its low relevance in the present context. The sentence was modified as following: Anonymous referee #2 already reported this issue. With this sentence we meant to underline that the peaks of rBC mass concentration did not directly imply an enhancement of the rBC number fraction. This might involve different removal mechanisms for different aerosol types during transport. On the other hand, other processes, as different emission sources, might play a role. Due to its speculative character, the present statement was removed.
P12, L21-22: I think you need to be careful with the writing here. rBC could have a significant impact on solar light extinction (measured in W/m 2 ) even if the number fractions of rBC particles relative to total aerosol was low. However, the low ratio, combined with the low rBC mass concentration, means the impact in this case is negligible. Thus, I think you have to mention the low mass concentration of rBC here before concluding rBC has a negligible impact.
We agree with the referee's comment. The text was changed in accordance to other modifications made in Section 3.5.
[…] In contrast to the spring, the summer MMD showed a slight increase from the surface (129 nm) to about 600 hPa (140 nm; Fig. 4 b) . As pointed out in Bond and Bergstrom (2006) , the mass absorption cross-section of BC particles depends, also, on the particle's diameter. As a consequence, the concentration of rBC mass in small particles could potentially contribute to the enhancement of the absorption coefficient of the total aerosol. Nevertheless, the low values of (average of 2 ng m -3 with IQR 0-12 ng m -3 throughout the column) and RnumTA (average of 0.75%) makes BC a minor contributor to the total aerosol light extinction. A more detailed description of seasonal and vertical variability of the BC core diameter will be provided in Section 3.5[…] P17, L31-32: How does this choice of only using trajectories that encountered above average M_rBC potentially impact your analysis and results? Is there a potential for bias from this choice?
Our choice of using a MrBC threshold was also questioned by other referees. Initially we wanted to focus on the most intense plumes, which most likely cause high but local forcing. We now understand the limits of our choice, which might systematically remove air parcels that originated in pristine regions or that experienced precipitation. For this reason, the trajectories presented and discussed in Section 3.4 include all points at which measurements were made.
P18, L1-2: Why did you not use the ECMWF boundary layer heights to determine the hatching instead?
The ECMWF data were used to run the LAGRANTO back-trajectories. A flag indicating whether the trajectory was traveling within the boundary layer was however not part of the available model output. Linking the trajectory position at each time step again with the boundary layer height information from datasets (e.g. ERAinterim) would be possible in post-processing, however only as a complicated approach relaying on several assumptions. A detailed evaluation of the trajectories' interactions with the boundary layer was beyond the scope of the maps in Fig. 7 and 8 and we believe that detailed information would have been blurred in these multiple day average maps. The text was changed and now stresses that the hatching highlights the presence of trajectories moving at atmospheric pressures >920 hPa in a grid cell in contrast to trajectories already lifted up from the lower atmosphere. The authors agree with the referee's comment. The interpretation of the Figure 7b and Figure 7c was not accurate. In fact, back trajectories suggested that the motion of airmasses from the Eurasian sector to Level II and Level III was quite similar. Insights on transport and origin of air parcels higher in MrBC are now more evident after extending the trajectory study to the entire dataset and focusing the discussion on MrBC instead of RCO. The entire Section 3.4 was substantially modified, we thus encourage the reviewer to consider the changes implemented in the entire section. The authors are aware of the interpretational limits of both Figure 7 and Figure 8 . To improve its readability and clarity, some modifications were implemented:
• The location of the reference stations is now symbolized by a large black cross.
• RCO in Figure 7 and 8 was substituted with MrBC.
• Two color scales describing the overpass frequency and MrBC were added.
• A legend now indicates the two source types (wild fires and gas flaring) and the airmasses moving at low level.
